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Stream Crossing Upgrade Guide 
for NEPA Projects on the West Side of the Shasta-

Trinity National Forest 

Introduction 
Stream crossings are often considered to be the weakest link in wildland road systems, and outdated 

design standards are likely to have the greatest adverse consequences (Weaver and others, 2015). 

Several decades ago, efficient delivery of road surface and ditch drainage to the nearest stream channel 

was a standard goal of road design. At that time, road infrastructure protection was the main concern, 

not downstream water quality or aquatic resources. Today, undersized or poorly designed culverts can 

be viewed as loaded guns that can fail during even moderate sized floods, costing both money to repair 

as well as severe environmental degradation downstream. 

Stream crossings present some of the greatest challenges to road reconstruction, as well as the greatest 

opportunities for future erosion prevention, water quality protection, and aquatic habitat restoration. 

Several challenges can include the need for NEPA analysis before in-stream treatments can be 

implemented, as well as the often prohibitively high costs of treatments. However, properly upgraded 

stream crossings should have a significantly lower risk of failure, so the failures that do occur should 

happen less frequently and should be smaller in magnitude. Therefore, upgrading stream crossings 

should reduce long term maintenance requirements and costs. 

The purpose of this guide is to provide general descriptions of stream crossing improvement methods 

that are used on the west side of the Shasta-Trinity National Forest to treat legacy sediment sites that 

require NEPA analysis1. 

Common Stream Crossing Problems 
Significant design flaws in older stream crossings include those that threaten to cause catastrophic road 

failures with significant downstream impacts, and those that contribute to persistent, chronic water 

quality pollution. Serious design problems for which updated design standards now exist include the 

following: 

 Undersized culverts that aren’t designed to pass a 100-year flood peak flow, including sediment 

and debris (Figure 1). 

 Culverts that are failing or that have suffered damage since installation. 

 Culverts that are barriers to aquatic organism passage2. 

 Culverted stream crossings that have diversion potential, such that if the culvert plugs, 

streamflow will be diverted down the road and discharged onto unprotected hillsides or into 

other stream channels (Figure 1). 

                                                           
1
 Legacy sediment sites that are located outside of stream crossings generally do not require NEPA analysis to be 

treated and are not discussed in this document. 
2
 This guide does not address aquatic organism passage (AOP) design. For AOP design, see Forest Service Stream-

Simulation Working Group (2008). 
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 Hydrologically connected roads and ditches that discharge runoff directly into streams (Figure 

1). 

Figure 1. Stream crossing with undersized culvert and diversion potential (from Flosi and others, 2010). The undersized culvert 
(C) has caused erosion at the outlet.  If the culvert plugs, water will pond behind the fill until it reaches point A where it will 
divert down the road. At point B, the road is not hydrologically disconnected from the stream, so road runoff flows directly into 
the stream. 

General Description of Stream Crossing Treatments 
Common legacy sediment site treatments in or near stream crossings can include the following: 

 Upsize culverts to accommodate 100-year flood peak flows and associated debris (Figure 2). 

 Attach flared inlets or construct mitered inlets on slightly undersized culverts (Figure 3). Mitered 

and flared inlets can increase the flow capacity as much as 50% compared to a typical projecting 

barrel inlet (Weaver and others, 2015). 

 Construct critical dips3 at culverted stream crossings (preferably at the down-road hinge line of 

the fill) to prevent stream diversion (Figure 2). 

 Install rolling dips or ditch relief culverts4 just up-road from stream crossings to hydrologically 

disconnect roads from streams (Figure 2). 

 Install riprap at culvert inlets and outlets of stream crossings to dissipate energy and protect the 

base of the fill from erosion (Figure 4). 

 Install upgraded culverts at channel grade with the inlet and outlet on the original streambed 

when possible5 (Figure 5). 

                                                           
3
 For extra protection, riprap armor may be placed at the outfall of the critical dip and extend downslope to the 

stream channel. This is suggested only for stream crossings where the culvert is highly likely to plug and the 
crossing fill overtopped. 
4
 For extra protection, riprap armor may be placed at the outfall of the rolling dip or ditch relief culvert. 
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 Construct rock-armored crossings as an alternative to culverts in low-volume traffic areas on 

small non-fish-bearing streams where winter maintenance is difficult or debris flows are likely 

(Weaver and others, 2015; Cafferata and others, 2017) (Figure 6). 

 Hydrologically close (remove culverts and fill, and largely restore the natural hydrology of 

hillslopes) roads that aren’t needed. 

Figure 2. Upgraded stream crossing (from Flosi and others, 2010). The culvert (C) is now properly sized, which will greatly reduce 
erosion below the outlet. If the culvert inlet plugs, a critical dip (B) has been installed to allow water to flow directly back into 
the natural stream channel. A rolling dip (A) has been installed up-road of the stream crossing, which hydrologically disconnects 
the road from the stream crossing by diverting water into a vegetated buffer that can filter the runoff before it reaches the 
stream. 

Figure 3. Precast flared inlet (left) and a mitered inlet (right) cut to match the slope of the embankment (from Flosi and others, 
2010). 

                                                                                                                                                                                           
5
 Installing the culvert above channel grade with a downspout that extends past the road fill is allowed on non-fish 

bearing streams if excavation costs make the upgrade unfeasible. 
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Figure 4. Riprap is used as inlet protection and outlet energy dissipation (from Weaver and others, 2015). 

Figure 5. Typical upgraded culvert installations on non-fish bearing streams (from Weaver and others, 2015). 



Westside SHF Stream Crossing Upgrade Guide  September 2018 

5 
 

Figure 6. Profile view of rock-armored crossing (from Cafferata and others, 2017). 

Prioritization 
The Forest Plan contains guidance for prioritizing sediment sources (USDA Forest Service, 1995). Priority 

is to be given to watersheds with a degraded condition in a cost-effective manner and according to 

beneficial uses (Forest Plan, page 4-25). Key Watersheds that currently contain poor quality habitat are 

believed to have the best opportunity for successful restoration, and are to receive priority in any 

watershed restoration program (Forest Plan, page 4-59). Prioritization of road reconstruction activities is 

to be based on the potential impact and the ecological value of the riparian resources affected (Forest 

Plan, page 4-55). 

Roads constructed on highly unstable geologic terranes have a much higher tendency to fail and deliver 

sediment to the stream system than those in other geologic formations; roads on the west side of the 

South Fork Trinity River main stem are relatively unstable and should be a first priority for remediation 

(U.S. EPA, 1998). 

Roads that will not or cannot be adequately inspected and maintained are potentially large sources of 

sediment unless they are constructed to be maintenance free; roads that are not maintained should be 

hydrologically closed (U.S. EPA, 1998). 

Guidance for prioritizing watershed restoration is available in the Watershed Condition Framework 

(USDA Forest Service, 2011). The forest supervisor needs to approve the selection of priority 

watersheds. The amount of NFS lands and the ability to effect a change in watershed condition are 

important considerations in the priority-setting process. Sub-watersheds in the best condition are to be 

selected for priority and restored first. 

The following attributes for each legacy sediment site are assessed to determine priority of the 

treatment. 
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 Impaired watershed6 

 Cost effective 

 Key Watershed7 

 Aquatic habitat8 

 Anadromous fish habitat density 

 Unstable geologic terrane west of the main stem South Fork Trinity River (USEPA, 1998) 

 Road is not maintained 

 Priority watershed (USDA Forest Service, 2011) 

 Land ownership 

 Watershed condition9 

For each legacy sediment site, each of these attributes are assigned a value of zero or one. Sites that are 

within sub-watersheds that are sediment impaired are assigned a score of one. Sites with a lower than 

average cost to repair are assigned a score of one. Legacy sediment sites that are located within a Key 

Watershed receive a score of one. Sites in sub-watersheds with aquatic habitat in poor condition are 

assigned a score of one. Legacy sediment sites located in sub-watersheds with greater than average 

density of anadromous fish habitat10 (miles of anadromous fish habitat stream per square miles of sub-

watershed) are assigned a score of one. Sites located in highly unstable geologic terrane west of the 

South Fork Trinity River main stem are assigned a score of one. Sites located on closed roads (not 

maintained) are assigned a score of one. Sites that are located in a priority sub-watershed receive a 

score of one. Sites located in sub-watersheds that are more than 90 percent owned by the Forest 

Service are assigned a score of one. Legacy sediment sites located in sub-watersheds that are identified 

as functioning properly based on the 2011 Watershed Condition Framework are assigned a score of one. 

The sum of the attributes for each sediment source is a prioritization score ranging from zero to ten. 

After each sediment source is scored, the sites with the highest scores are assigned a priority of high 

(approximately 20% of the total number of sites), the next 20% are assigned a priority of moderate-high, 

the next 20% are moderate priority, the next 20% are moderate-low priority, and finally sites with the 

lowest scores (about 20% of the sites) are assigned a priority of low. 

Design and Implementation Techniques 
Treatment alternatives should be discussed with the NEPA interdisciplinary team and developed from 

analysis of hydrologic conditions; the presence of endangered, threatened, and/or sensitive species; and 

the presence of cultural heritage sites.  

                                                           
6
 The EPA and the State determine the impairment of watersheds. All of the watersheds in the South Fork Trinity 

River sub-basin are sediment impaired. Most of the watersheds in the Trinity River sub-basin are impaired for 
sediment; exceptions include New River and North Fork Trinity River, and portions of Burnt Ranch and Stuart Fork. 
7
 The Forest Plan (1995) identified Upper South Fork Trinity River, New River, North Fork Trinity River, and Canyon 

Creek as Key Watersheds. 
8
 Aquatic habitat condition is described in the Watershed Condition Framework (USDA Forest Service, 2011). 

9
 Watershed condition is identified in the Watershed Condition Framework (USDA Forest Service, 2011) as 

functioning properly, functioning at risk, or impaired function. 
10

 Anadromous fish habitat densities range from 0 to 0.639 miles of stream per square mile of sub-watershed. The 
average density is 0.320/mile. 
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Design 
Before the NEPA decision is signed, the approximate geographic limits of area(s) to be cleared will be 

delineated. 

Best management practices for planning activities to protect water quality in streams and Riparian 

Reserves include the following: 

 Clearly delineate the work zone. 

 Locate access and staging areas near the work site but outside of work area boundaries and 

riparian reserves. 

 Develop an erosion and sediment control plan that covers all disturbed areas, including the work 

zone, and stockpile, fueling, and staging areas. 

 Develop a site vegetation plan using suitable species and techniques to revegetate the site after 

construction is completed. 

 Schedule construction activities to avoid direct soil and water disturbance during periods when 

heavy precipitation and runoff are likely to occur. 

 Plan for solid-waste disposal and worksite sanitation needs. 

 Schedule in-stream activities to occur in a manner that will avoid or minimize adverse effects to 

aquatic species. 

 A dewatering and sediment treatment plan will be developed before implementation. Plan 

requirements include the following: 

o Streamflow must be diverted around the site. 

o Stormflows must be handled, with backup pump(s) available on site. 

o Capture and remove sediment from water that seeps into the excavation, mixes with 

soil, and becomes turbid. 

o Protect fish by providing suitable screens on all pump intakes. 

o Provide for fish passage around the construction site where necessary. 

o Rewater the site by releasing any large pools of water dammed during construction 

slowly to avoid heating of downstream water. 

Invasive and noxious plant management measures for planning activities include the following: 

 Project areas and adjacent areas (particularly access roads) will be inventoried for invasive 

plants. Any infestation discovered prior to project implementation should be flagged and 

avoided, then reported to the Forest Botanist or their designated appointee for prioritization 

and assessment for treatment. 

 All equipment and vehicles (Forest Service and contracted) used for project implementation 

must be free of invasive plant material before moving into the project area. Equipment will be 

considered clean when visual inspection does not reveal soil, seeds, plant material or other such 

debris. Cleaning shall occur at a vehicle washing station or steam-cleaning facility before the 

equipment and vehicles enter the project area. 

 Do not stage equipment, materials, or crews in invasive plant-infested areas. 

 Where feasible, invasive plant infestations will be designated as Control Areas – areas where 

equipment traffic and soil-disturbing project activities would be excluded. If Control Areas are 

designated, they will be identified on project maps and delineated in the field with flagging. 
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Implementation 
Best management practices that shall be implemented to protect water quality during construction 

activities include the following: 

 Refuel and service equipment only in designated staging areas. 

 Ensure that all equipment that is operated in or adjacent to the stream is clean of oil and grease, 

and is well maintained. 

 Use vegetable oil or other biodegradable hydraulic oil for heavy equipment hydraulics wherever 

practicable when operating in or near water. 

 Conduct operations during dry periods whenever practicable. 

 Promptly install and maintain erosion control measures. 

 Promptly install and maintain spill prevention and containment measures. 

 Install sediment and stormwater controls before initiating ground disturbing activities to the 

extent practicable. 

 Limit the amount of exposed or disturbed soil at any one time to the minimum necessary to 

complete construction activities. 

 Limit operation of equipment when ground conditions could result in excessive rutting, soil 

puddling, or runoff of sediments directly into the stream. 

 Install suitable stormwater and erosion control measures to stabilize disturbed areas before 

seasonal shutdown of project operations or when severe or successive storms are expected. 

 Use small, low ground pressure equipment, and hand labor where practicable. 

 Maintain erosion and stormwater controls as necessary to ensure proper and effective 

functioning. 

o Prepare for unexpected failures of erosion control measures. 

o Implement corrective actions without delay when failures are discovered to prevent 

pollutant discharge into the stream. 

 Routinely inspect the work site to verify that erosion and stormwater controls are implemented 

and functioning as designed, and are appropriately maintained. 

 Stockpile and protect topsoil for reuse in site revegetation. 

 Keep excavated materials out of the stream. 

 Promptly compact fill to avoid or minimize erosion. 

 Remove aquatic organisms from the construction area before dewatering, and prevent 

organisms from returning to the site during construction. 

 Restore flows to their natural stream course as soon as practicable after construction or before 

seasonal closures. 

Invasive and noxious plant management measures that shall be implemented for construction activities 

include the following: 

 Any additional infestation discovered during project implementation should be flagged and 

avoided, then reported to the Forest Botanist or their designated appointee. 

 Minimize the amount of ground and vegetation disturbance in staging and construction areas. 

Where feasible, reestablish vegetation on disturbed bare ground to reduce invasive species 

establishment; revegetation is especially important in staging areas. 
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 All gravel, fill, or other materials are required to be weed-free. Use onsite sand, gravel, rock, or 

organic matter when possible. Otherwise, obtain weed-free materials from sources that have 

been certified as weed-free. If an SHF inspector is not available to inspect the material source, 

then a weed-free certificate for the material source is required. 

 Use weed-free mulches and topsoil. Salvage topsoil from the project area for use in onsite 

revegetation, unless contaminated with invasive species. Do not use material (or soil) from areas 

contaminated be cheatgrass or starthistle. If supplemental materials (e.g. hay, straw, or wood 

mulch) is needed for erosion control or to compliment native revegetation, then it must be 

certified weed-free. 

 Revegetation requirements include the following: 

o Seed and plant mixes must be approved by the Forest Botanist or their designated 

appointee who has knowledge of local flora. 

o Invasive species will not be intentionally used in revegetation. Seed lots will be tested 

for weed seed and test results will be provided to the Forest Botanist of their designated 

appointee. 

o Persistent non-natives such as timothy (Phleum pretense), orchardgrass (Dactylis 

glomerata), ryegrass (Lolium spp.), or crested wheatgrass (Agropyron cristatum) will not 

be used in revegetation. 

o Seed and plant material will be from native, elevation appropriate sources as much as 

possible. Plant and seed material should be collected from as close to the project area 

as possible, from within the same watershed, and at a similar elevation whenever 

possible. 

o If container native plant material is used in project areas, then California nurseries 

participating in the Phytophora free certification program can be used for source 

material if materials are not locally available. 

 When working in known invasive plant infestations or designated weed units, equipment shall 

be cleaned before moving to other National Forest Service system lands. These areas will be 

identified on project maps. 

 After the project is completed, the Forest Botanist should be notified so that (as funding allows) 

the project area can be monitored for invasive plants subsequent to project implementation. 
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